Abstract
Introduction
The Malaysian National Agriculture Policy 3 (NAP3) and action plans have outlined important elements for agricultural transformation. The main goal is to enhance food security and wealth creation through increased food production. One of the strategies described in NAP3 is the utilization of high technologies, including biotechnology. Modern biotechnology is currently being applied for its potential to produce crops with higher yield and resistance to pests, disease, and adverse conditions, as well as improved quality [1] . This paper surveys the development of biotechnologyderived food crops in Malaysia and the process of their commercialization.
Development of biotechnology-derived food crops
Plant biotechnology has been practiced in Malaysia for the past 15 years. Plant tissue culture was the main research focus because of its vast application in plant breeding and in the production of elite planting materials. Tissue culture of fruit crops such as banana, pineapple, and papaya and anther culture of rice were actively pursued then. Tissue culture of banana has been commercialized and adopted by growers [2] .
With the advent of modern biotechnology, including molecular techniques and recombinant DNA, local research organizations began to incorporate the new approaches as early as the mid-1980s. The potential of S318 overcoming constraints faced by conventional breeding techniques has made modern biotechnology an attractive alternative to produce the new crop varieties constantly needed by growers.
Research and development on biotechnology-derived food crops
Biotechnology-derived food crops are crops that have been improved genetically by techniques of modern biotechnology, better known as genetic engineering or transgenic technology. Genetically engineered crops are commonly known as genetically modified (GM) crops. Food derived from genetically modified crops is known as GM food (GMF).
Biotechnology-derived crops are developed by transferring specific DNA sequences, known as genes, that encode desirable traits or characters. There are two major steps in the development: identification and isolation of the right gene for the traits of interest, and transfer of the gene of interest into the cells of the targeted crop plant. The gene-transfer process or transformation is achieved through particle bombardment or by the use of the bacterium Agrobacterium tumefaciens. Once the gene is incorporated into the genome of the plant, the cells are regenerated into plantlets that will later grow and produce as normal plants except for the characters encoded by the transferred gene.
In Malaysia, biotechnology research and development on food crops is conducted mainly at the Malaysian Agricultural Research and Development Institute (MARDI). The research complements MARDI's active breeding program of local food crops. Research is generally focused on overcoming major limitations in crop production, such as disease. However, traits to improve quality, such as increasing the shelf-life of fruit or delaying fruit softening, are also being incorporated.
The biotechnology-derived food crops being developed in Malaysia and their targeted traits have been described recently [3, 4] . The research is still ongoing, and to date no local biotechnology-derived food crops have been commercialized. The food crops that are being addressed at MARDI and the targeted traits are as follows: » Papaya for resistance to papaya ringspot virus (PRSV) » Papaya for delayed fruit ripening » Papaya for delayed fruit softening » Pineapple for resistance to fruit black heart » Passion fruit for resistance to viruses » Chili for resistance to viruses » Citrus for the improvement of fruit color Papaya and pineapple are at the most advanced stages of research, whereas passion fruit, chili, and citrus are at the level of gene identification and development of the transformation system.
Biotechnology-derived papaya for PRSV resistance
Papaya is an important industry in Malaysia, valued at $US7.89 million annually [3] . A PRSV-resistant papaya variety is needed to overcome the PRSV disease, which is currently a major threat to the industry. Research was initiated to develop PRSV-resistant papaya by a virus-mediated resistance strategy using coat protein gene isolated from the virus. Transgenic papaya plants containing the coat protein genes have been produced. Initial screening showed some putatively resistant plants that did not show disease symptoms when inoculated with the virus [5] . These plants are currently being grown in contained field trials to collect seeds for the next-generation field trial. Once the resistant plants are confirmed, they will be evaluated by a large-scale, multilocation field trial.
Biotechnology-derived papaya for quality improvement
Like other tropical fruits, papaya has a short shelf-life of about two weeks, which has reduced its export potential. Longer shelf-lives of fruits can help lower postharvest losses, since the products are able to reach the market and the consumers in good condition. Furthermore, consumers will enjoy the freshness of the fruits longer. Research was initiated to delay the ripening of Eksotika papaya fruit using the transgenic approach [6] . Transgenic papaya plants containing gene sequences that can suppress the formation of the ripening hormone ethylene were produced [7] . The lower level of ethylene produced in these fruits will result in a delay in the ripening process. Transgenic papaya plants are currently undergoing contained field evaluations for proof-of-concept [8] . When potential lines with delayed fruit ripening are obtained, they will undergo the same process as the transgenic PRSVresistant papaya.
Another trait that is being incorporated in papaya is delayed fruit softening. The gene for the fruit cellwall enzyme β-galactosidase, which is involved in the softening of papaya, has been isolated and transformed into papaya. Transgenic plants have been produced and will be evaluated in contained field trials for proof-ofconcept.
Biotechnology-derived pineapple for resistance to black heart
Pineapple is also an important fruit crop for Malaysia. Malaysia has been a major producer of canned pineapple in the past. However, currently fresh pineapple production is gaining importance. Pineapple fruits of U. K. Abu Bakar et al.
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some commercial varieties are susceptible to browning of the inner core, known as black heart, if subjected to low temperature storage. The browning of fruit is unattractive to the consumer. An enzyme that causes fruit browning has been identified and the gene sequence has been used to develop transgenic pineapple resistant to black heart. Transgenic pineapple plants containing the gene have been developed and are currently being evaluated in the glasshouse for proof-of-concept.
Commercialization of biotechnologyderived food crops
The emergence of biotechnology-derived food crops and their subsequent release into the environment has raised concerns among the general public and highlighted issues regarding their safety for the environment and human health. A regulatory system has to be set up to oversee, assess, and manage the safety concerns of these biotechnology-derived food crops. In Malaysia, commercialization of any biotechnology-derived crops from the laboratory will involve steps requiring biosafety and food safety approvals. Biosafety approvals are required at various steps along the process in which field trials are involved, whereas food safety approval is required before placing the biotechnology-derived products on the market.
Biosafety
Biosafety is shorthand for the regulatory systems designed to ensure that applications of biotechnology are safe for human health, agriculture, and the environment. The Genetic Modification Advisory Committee (GMAC) of Malaysia was set up to formulate National Guidelines on the release of these crops into the environment and also to help draft the Biosafety Law of Malaysia. According to the guidelines and the proposed Biosafety Law, all activities involving biotechnology-derived food crops must receive approval from the National Biosafety Board (to be set up) or must notify them before any activities such as research, development, and marketing of biotechnology-derived crops and products are conducted. The Institutional Biosafety Committee (IBC) is set up at the institutional level to address persons conducting research, standards of contained glasshouses, and any field trials or openfield evaluations of all biotechnology-derived crops.
Food safety
According to the Organization for Economic Cooperation and Development:
Food is generally considered to be safe if there is reasonable certainty that no harm will result from its consumption under normal anticipated conditions. Historically, food prepared and used in traditional ways is considered safe on the basis of long term experience, even though it may naturally contain harmful substances. In principle, food is presumed to be safe unless a significant hazard has been identified [9] .
The purpose of Food Safety Assessment is to ensure that the consumer is not exposed to a food that will cause harm when prepared and consumed according to its intended use. The Biosafety Law requires, and consumers expect, that effective systems and procedures to assess the safety of a food or food component intended for consumption will be implemented. Communities and consumers have become more aware and more concerned (and in fact more misinformed) about food products derived from biotechnology.
A basic principle in the regulation of foods produced by biotechnology is a concept called "substantial equivalence." According to this approach, evaluation is based on a comparison of the genetically modified crop plant with its conventionally bred counterpart or counterparts, assuming that these traditional foods and feeds have a long history of safe use. This principle provides equal or increased assurance of the safety of foods derived from genetically modified crops relative to the safety of foods derived from traditional counterparts [10] .
Food safety assessments of Malaysian biotechnology-derived papaya have been proposed and will be taken up by member countries of the Papaya Biotechnology Network of Southeast Asia in the ISAAA Food Safety Workshop held in Bangkok in January 2000. The assessments data collected will be submitted to GMAC for approval before placing the product in the market. The assessment will be conducted by relevant regulatory bodies.*
Public awareness and acceptance
Public acceptance of the biotechnology product is another important factor for successful commercialization. A recent survey of key stakeholders in Malaysia conducted by the University of Illinois at Urbana-Champaign and the International Service for the Acquisition of Agri-biotech Applications (ISAAA) showed that various groups of stakeholders had a positive attitude toward biotechnology and believed that the technology would benefit smallholders [11] . A survey of 1,400 Malaysian Muslim respondents * Current status remains unchanged since 2000; none of the member countries is ready with its GM product for commercialization. [12] . The survey also found that although about 67% of respondents could define genetically modified organisms (GMOs), genetic engineering, and biopharmaceuticals, only 40% knew what cloning is. These results indicate that the acceptance level of Malaysians is quite promising. However, to ensure full public acceptance, public awareness efforts have to be emphasized. Organizations like IKIM and the Malaysian Biotechnology Information Centre (MABIC) have been active in organizing seminars, workshops, and conferences on relevant areas of biotechnology for the public. Awareness of biotechnology by students is being coordinated by the National Biotechnology Directorate, Malaysia [1] . Government agencies conducting biotechnology research and development, such as MARDI, are very supportive of any activities to promote public awareness of biotechnology. Biotechnology scientists often participate in seminars and media interviews, hold exhibitions, and organize laboratory visits for the public.
Challenges and future prospects
To improve consumer acceptance, development of biotechnology-derived food crops should focus on characteristics that benefit consumers. With the knowhow well established for the development and commercialization of existing biotechnology-derived crops, we plan to focus research efforts on developing nutritionally enhanced food crops that provide direct benefits to consumers. Efforts are already under way to look into the relevant pathways leading to enhancement of important metabolites through genomic approaches. Efforts are being made by the government to better coordinate biotechnology development in the country by strengthening biotechnology research and development, as well as the regulatory framework and public acceptance. With these, Malaysia hopes to be competitive in food production through biotechnology.
